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Abstract
Background:  Mixed CLA isomers variably affect bone resorption in animals and decrease
osteoclast formation and activity in murine osteoclasts. These variable effects may be due to the
different isomers present in commercial preparations of CLA, and the effects of the predominant
individual isomers, 9cis,11trans (9,11) and 10trans,12cis (10,12) CLA are not clear. The objectives
of this study were to determine the effects of the individual CLA isomers on osteoclast formation
and activity from human CD14+  monocytes, and to determine whether any changes are
accompanied by changes in cathepsin K, matrix metalloproteinase-9 (MMP-9), receptor activator
of NF-κB (RANK) and tumour necrosis factor alpha (TNFα) gene expression. Osteoclasts were
identified as TRAP+ multinucleated cells. Osteoclast activity was quantified by the amount of TRAP
in the cultured media.
Results: At 50 μM, 9,11 CLA inhibited osteoclast formation by ~70%, and both 9,11 and 10,12
CLA decreased osteoclast activity by ~85–90%. Both isomers inhibited cathepsin K (50 μM 9,11 by
~60%; 10,12 by ~50%) and RANK (50 μM 9,11 by ~85%; 50 μM 10,12 by ~65%) expression, but
had no effect on MMP-9 or TNFα expression.
Conclusion: 9,11 CLA inhibits osteoclast formation and activity from human cells, suggesting that
this isomer may prevent bone resorption in humans. Although 10,12 CLA did not significantly
reduce osteoclast formation, it reduced osteoclast activity and cathepsin K and RANK expression,
suggesting that this isomer may also affect bone resorption.
Background
Dietary conjugated linoleic acid (CLA) has been reported
to have inconsistent effects on bone mass [1-13] and on
the differentiation and function of cultured bone cells
[3,14-16]. Of these studies, only a few have examined the
effects of CLA on bone resorption in vivo [5,7,9,11-13]
and on osteoclast formation and function in vitro [14].
Moreover, none of these studies have examined the effects
of the individual bioactive 9cis,11trans  (9,11) and
10trans,12cis (10,12) CLA isomers on osteoclast forma-
tion and activity from cells of human origin.
All of the studies conducted to date on the effects of CLA
on bone resorption and osteoclast formation or function
have used mixed preparations of CLA, which contain
approximately equal amounts of the bioactive 9,11 and
10,12 isomers. Because the individual isomers of CLA
could have different effects on bone physiology, it is
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important to examine the effects of separate preparations
of the major biologically active isomers.
The 9,11, but not 10,12, isomer of CLA has been shown
to increase mineralized bone nodule formation from
human osteoblast-like SaOS-2 cells [15]. These findings
suggest that 9,11 CLA may also affect bone resorption
based on the knowledge that osteoblasts regulate osteo-
clast formation by altering the production of receptor acti-
vator of NF-κB ligand (RANKL) and osteoprotegerin
(OPG) [17], and that CLA modulates RANKL signalling in
murine osteoclasts in vitro [14]. Osteoclast precursors
express receptor activator of NF-κB (RANK), which when
activated by the binding of RANKL [18], induces osteo-
clast differentiation and the expression of osteoclast-spe-
cific genes such as those encoding tartrate-resistant acid
phosphatase (TRAP), cathepsin K and matrix metallopro-
teinase-9 (MMP-9) [19]. In contrast, OPG acts as a decoy
receptor to inhibit bone resorption by binding to RANKL,
which prevents the binding of RANKL to RANK and,
therefore, inhibits osteoclast formation and activity.
TRAP, cathepsin K and MMP-9 are commonly used as
markers of osteoclast formation, and are involved in bone
resorption by dissolving mineral (TRAP) [20] and degrad-
ing hydroxyapatite (cathepsin K [21] and MMP-9 [22]).
Serum concentrations of TRAP have been shown to corre-
late with the rate of bone resorption in vivo [23,24]. In
vitro, the quantity of TRAP released into cell culture media
correlates with bone resorption when osteoclasts are
seeded onto bone slices [25].
RANKL belongs to the tumour necrosis factor (TNF)
super-family [26,27]. TNFα is a potent pro-inflammatory
and bone-resorbing cytokine that binds to the TNF recep-
tor 1 (TNFR1) in osteoclast precursors and augments the
stimulatory effects of RANKL on osteoclast differentiation
[28,29] thereby inducing bone resorption in vitro [30] and
in vivo [31]. Moreover, when RANKL interacts with RANK,
TNFα mRNA expression is upregulated and the TNFα pro-
tein is released from osteoclast progenitors to stimulate
osteoclast differentiation [29]. Mixed CLA isomers have
variable effects on TNFα gene expression [32-35] and
inhibit TNFα-induced inflammatory processes [36,37]. In
murine RAW264.7 cells, mixed CLA isomers inhibit oste-
oclast formation and activity by modulating RANKL sig-
nalling, as evidenced by a reduction in RANKL-induced
TNFα [14], suggesting that CLA may also inhibit TNFα
gene expression in human osteoclast precursors.
The objectives of this study were to determine the direct
effects of the individual 9,11 and 10,12 isomers on osteo-
clast formation, activity and osteoclastogenic gene expres-
sion from cells of human origin.
Results
Effects of CLA on the formation of TRAP+ multinucleated 
cells from CD14+ monocytes
Multinucleated cells were first observed under a phase-
contrast microscope (100× magnification) after 10 days of
treatment (Day 13). As demonstrated in Figure 1a, 50 μM
9,11 CLA decreased osteoclast formation by ~70%. In
contrast, 10,12 CLA had no effect on osteoclast formation
(Figure 1b).
Effects of CLA on TRAP activity in culture media from 
CD14+ monocytes
TRAP released into the medium was first measurable after
6 days of treatment and increased with duration of treat-
ment. Figure 2 shows the effects of CLA on TRAP activity
in the culture media after 14 days of treatment. As seen in
Figure 2a, 9,11 CLA inhibited TRAP activity at all concen-
trations examined in a dose-dependent manner by ~35%
(6.25 μM) to 90% (50 μM). The 10,12 isomer of CLA also
reduced TRAP activity in the culture media (~67–85%),
but there was no dose-response effect at the concentra-
tions tested (Figure 2b).
Effects of CLA on cathepsin K, RANK, MMP-9 and TNFα 
gene expression in CD14+ monocytes
The effects of 9,11 and 10,12 CLA on cathepsin K, RANK,
MMP-9 and TNFα gene expression were tested after 3 days
of treatment. As seen in Table 1, 12.5 to 50 μM of both
9,11 and 10,12 CLA reduced cathepsin K gene expression
by ~40–60%. At 6.25–50 μM of 9,11 CLA, RANK expres-
sion was reduced by ~60–90%, while 50 μM 10,12 CLA
reduced RANK expression by ~70%. Neither 9,11 nor
10,12 CLA affected MMP-9 or TNFα expression.
Discussion
The present study demonstrates that 9,11 CLA, the most
abundant isomer found in food products from ruminant
animals, inhibits osteoclast formation (TRAP+ multinucle-
ated cells) from human CD14+ monocytes. This effect was
accompanied by a decrease in TRAP activity and a reduc-
tion in both cathepsin K and RANK gene expression. The
10,12 isomer of CLA appeared to also inhibit osteoclast
formation, however, this effect was not significant (p =
0.07). Consistent with a possible inhibitory effect of
10,12 CLA on osteoclast formation, this isomer also
reduced osteoclast activity. The results demonstrating no
dose-response effect of 10,12 CLA on osteoclast activity,
yet a suppression of activity at all concentrations tested,
suggests that lower doses of 10,12 CLA may be effective at
inhibiting osteoclast activity. The reduction in osteoclast
activity following treatment with 10,12 CLA was also
accompanied by a reduction in cathepsin K and RANK
expression. Our data demonstrate that 9,11 CLA strongly
inhibits osteoclast formation from CD14+  monocytes,
and suggest that 10,12 CLA may also inhibit osteoclastLipids in Health and Disease 2009, 8:15 http://www.lipidworld.com/content/8/1/15
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Effects of increasing concentrations of 9,11 (Figure 1a) and 10,12 (Figure 1b) CLA on osteoclast formation from CD14+ mono- cytes after 14 days of treatment as determined by the number of TRAP+ multinucleated (≥ 3 nuclei) cells Figure 1
Effects of increasing concentrations of 9,11 (Figure 1a) and 10,12 (Figure 1b) CLA on osteoclast formation 
from CD14+ monocytes after 14 days of treatment as determined by the number of TRAP+ multinucleated (≥ 
3 nuclei) cells. Values (n ≥ 3) are expressed as the mean ± SEM of one experiment and the results have been replicated in a 
second independent experiment. Bars with different letters have significant differences at P < 0.05.Lipids in Health and Disease 2009, 8:15 http://www.lipidworld.com/content/8/1/15
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Effects of increasing concentrations of 9,11 (Figure 2a) and 10,12 (Figure 2b) CLA on TRAP released into the media from  CD14+ monocytes on day 14 of treatment Figure 2
Effects of increasing concentrations of 9,11 (Figure 2a) and 10,12 (Figure 2b) CLA on TRAP released into the 
media from CD14+ monocytes on day 14 of treatment. Values (n = 4) are expressed as the mean ± SEM of one exper-
iment and the results have been replicated in a second independent experiment. Bars with different letters have significant dif-
ferences at P < 0.05.Lipids in Health and Disease 2009, 8:15 http://www.lipidworld.com/content/8/1/15
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formation from these cells. These effects appear to be spe-
cific to CLA, rather than a non-specific effect of treatment
with fatty acids, because linoleic acid did not inhibit oste-
oclast formation from these cells (data not shown).
To our knowledge, this is the first study to examine the
effects of CLA on osteoclast formation and activity from
human cells and to examine the effects of the individual
9,11 and 10,12 isomers on osteoclast function. Our
results are consistent with the findings from a previous
study that showed that mixed CLA isomers reduced oste-
oclast formation from murine RAW264.7 monocytes
[14]. In those cells, 25–100 μM mixed CLA isomers
reduced osteoclast formation, as determined by the
number of TRAP+ multinucleated cells, in a dose-depend-
ent manner. At 50 μM, the mixed CLA isomers also
reduced resorptive pit formation on Osteoclast Activity
Assay Substrate plates, while 100 μM mixed CLA isomers
reduced TRAP, cathepsin K and MMP-9 gene expression
[14]. However, this study used mixed CLA isomers and,
therefore, the individual effects of 9,11 and 10,12 CLA
were not examined. Our results suggest that the inhibitory
effect of mixed CLA isomers on osteoclast formation and
activity observed in murine RAW264.7 cells was likely due
to the combined effects of both the 9,11 and 10,12 iso-
mers. Moreover, the results from murine RAW264.7 and
human CD14+ monocytes suggest that CLA inhibits oste-
oclast formation in both rodents and humans.
Unlike the experiments in RAW264.7 cells, 100 μM of the
individual isomers of CLA appeared to induce apoptosis
or were toxic to human CD14+ monocytes. After treatment
with 100 μM of either 9,11 or 10,12 CLA the number of
adherent CD14+ monocytes was drastically reduced (data
not shown). These cells were unable to proliferate and,
therefore, the reduction in cell number likely represents
an increase in apoptosis or a toxic effect of 100 μM of 9,11
or 10,12 CLA. CD14+ monocytes may be more sensitive to
higher concentrations (100 μM) of CLA. In addition, the
negative effect of CLA on CD14+ monocytes may be due to
higher levels of the individual isomers. The 100 μM solu-
tion of mixed CLA isomers represents approximately 40%
of 9,11 and 10,12 CLA and, therefore, approximately 40
μM of each individual isomer. This concentration is lower
than the maximum concentration (50 μM) of the individ-
ual isomers reported in the present study. In addition,
RAW264.7 cells are clonal and more robust than primary
cells (CD14+ monocytes) and may, therefore, be more
resistant to any toxic effects of CLA.
In murine RAW264.7 cells, CLA inhibits osteoclast forma-
tion and activity by modulating RANKL signalling, as
demonstrated by an inhibition of NF-κB and TNF-α
expression. RANKL, which is produced and secreted by
osteoblasts, regulates osteoclast differentiation and activ-
ity by binding to RANK on the surface of osteoclast precur-
sors. Thus, any effects of CLA on RANK expression may
also affect osteoclast formation and activity. The results
from the present study demonstrate that both 9,11 and
10,12 CLA inhibit RANK gene expression, supporting the
hypothesis that CLA inhibits osteoclast formation by
modulating RANKL signalling, and suggest that CLA mod-
ulates RANKL signalling by suppressing RANK expression.
Although mixed CLA isomers inhibited RANKL-induced
TNFα production in murine RAW264.7 cells, individual
CLA isomers had no effect on TNFα gene expression in
human CD14+ cells. It is possible that CLA inhibits the
translation of TNFα mRNA to protein rather than affect-
ing its expression, or that the inhibitory effect of CLA on
TNFα protein production is species specific. Although
both isomers inhibited cathepsin K gene expression, nei-
ther isomer affected MMP-9 expression.
Table 1: Gene expression in CD14+ monocytes following treatment with CLA for 3 daysa
Cathepsin K RANK MMP-9 TNF-α
9cis,11trans CLA (μM)
0 1.00a 1.00a 1.00a 1.00a
6.25 0.88 ± 0.15ab 0.72 ± 0.04ab 1.15 ± 0.17a 1.08 ± 0.07a
12.5 0.59 ± 0.08bc 0.50 ± 0.16b 0.85 ± 0.16a 1.14 ± 0.16a
25 0.44 ± 0.03c 0.50 ± 0.05c 1.00 ± 0.07a 0.99 ± 0.17a
50 0.43 ± 0.05c 0.14 ± 0.05c 0.82 ± 0.10a 0.91 ± 0.10a
10trans,12cis CLA (μM)
0 1.00a 1.00a 1.00abc 1.00abc
6.25 0.80 ± 0.09a 0.66 ± 0.07b 1.22 ± 0.06b 1.19 ± 0.08abc
12.5 0.55 ± 0.06b 0.60 ± 0.12bc 0.88 ± 0.10c 1.40 ± 0.19b
25 0.53 ± 0.09b 0.55 ± 0.09bc 0.86 ± 0.07c 0.96 ± 0.09abc
50 0.47 ± 0.14b 0.37 ± 0.02bc 0.66 ± 0.08c 0.85 ± 0.09c
aValues represent the mean ± SEM (n ≥ 3), expressed as relative arbitrary units (R.A.U.) for mRNA expression, determined by real-time RT-PCR. 
Values with different letters represent significant differences within isomer treatment at P < 0.05.Lipids in Health and Disease 2009, 8:15 http://www.lipidworld.com/content/8/1/15
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During osteoclast differentiation, MMP-9 is the earliest
marker expressed by these cells and is detectable before
the precursors become committed to the osteoclast line-
age, whereas cathepsin K is predominantly expressed in
mature osteoclasts [38]. Thus, the apparent discrepancy
between the effects of CLA on cathepsin K and MMP-9
gene expression may be explained by CLA affecting a later
stage of differentiation, after the precursors have commit-
ted to the osteoclast lineage. In addition, MMP-9 expres-
sion is regulated by many growth factors, interleukins and
cytokines, including TNFα. As such, the lack of effect of
CLA on TNFα expression is consistent with the absence of
changes in MMP-9 expression.
Only one study has examined the effect of CLA on bone
resorption in humans. This study demonstrated that,
compared to placebo (palm/bean oil blend), supplemen-
tation with 3 g of CLA per day for 8 weeks had no effect
on markers of bone resorption such as serum collagen
degradation products, urinary Pyr and dPyr, or serum or
urinary calcium levels [13].
Rodent studies demonstrate inconsistent findings regard-
ing the effects of CLA on bone resorption in vivo
[5,7,9,11,12] and in vitro [14]. In young, male mice, a diet
containing 0.5% mixed CLA isomers reduced bone
resorption after 14 weeks of supplementation compared
to a diet containing 0.5% safflower oil [7]. Similarly, in
middle aged female mice, a diet supplemented with 9.5%
corn oil and 0.5% mixed CLA isomers for 10 weeks
decreased serum levels of RANKL and reduced osteoclast
function as determined by a reduction in TRAP activity
compared to a diet containing 10% corn oil [5]. In adult
ovariectomized rats, a diet supplemented with 0.5% or
1% mixed CLA isomers for 9 weeks reduced urinary Pyr
crosslinks and dPyr, which are markers of bone resorp-
tion, compared to a diet containing 1% soybean oil [11].
In contrast, in young male rats, a diet supplemented with
1% mixed CLA isomers for 8 weeks had no effect on levels
of urinary Pyr crosslinks, compared to a diet containing
1% soybean or safflower oil [9]. Similarly, in weanling
male rats, a diet containing 6% corn oil and 1% mixed
CLA isomers for 8 weeks had no significant effect on bone
resorption compared to the control diet containing 7%
corn oil [12]. Inconsistencies among animal studies may
be due to differences in the species, strain, age and sex of
the animals, or to the different doses and durations of
CLA treatment [10,13,39-42].
The findings from the present study suggest a beneficial
effect of 9,11 CLA on bone mass because osteoclasts
degrade bone. When osteoclast mediated bone resorption
outweighs osteoblast mediated bone formation, bone loss
occurs with each bone remodeling cycle. Compounds that
prevent osteoclast formation and activity, such as 9,11
CLA, may prevent bone loss by maintaining the balance
between osteoclast and osteoblast activity. This study sug-
gests that CLA inhibits osteoclast formation and activity
by modulating RANKL singalling. RANKL is produced and
secreted by osteoblasts, and we have previously demon-
strated that 9,11 CLA increases osteoblast mediated bone
formation in vitro [15]. Taken together, the results from
these two studies suggest that 9,11 CLA has the potential
to improve bone health by maintaining the balance
between osteoclast and osteoblast activity during the bone
remodeling process, thus preventing bone loss.
Conclusion
Our findings demonstrate that 9,11 CLA inhibits osteo-
clast formation and activity from cells of human origin,
and suggest that this isomer may prevent bone resorption
in humans. The results also suggest that 10,12 CLA inhib-
its osteoclast formation and activity, but to a lesser degree
than 9,11 CLA. The inhibition of RANK expression by
both 9,11 and 10,12 CLA is consistent with the hypothesis
that CLA inhibits osteoclast formation by modulating
RANKL signalling. Although isolated cells are useful for
testing directly the effects of purified CLA isomers on oste-
oclast function, they do not account for differences in CLA
metabolism or bone physiology, which are both affected
by a number of factors including age, sex, diet and genetic
variability. Findings from this study warrant further inves-
tigation of the effects of these individual isomers on bone
resorption in vivo.
Methods
Materials
The CD14+ monocytes (2W-400), which are capable of
forming osteoclasts in vitro, were obtained from Lonza
Walkersville (Walkersville, Maryland, USA). The 9,11 and
10,12 (> 98% pure) isomers of CLA were purchased from
Matreya (Pleasant Gap, Pennsylvannia, USA). Fetal
bovine serum (FBS) was purchased from Cansera (Etobi-
coke, Ontario, Canada). Antibiotic-antimycotic was pur-
chased from GIBCO (Burlington, Ontario, Canada) and
α-MEM and PBS were purchased from the Central Techni-
cal Services, University of Toronto. M-CSF and RANKL
were obtained from MJS BioLynx Inc. (Brockville,
Ontario, Canada). All other chemicals were purchased
from Sigma Chemical Co. (St. Louis, Missouri, USA).
Cell Culture
The CD14+ monocytes obtained from Lonza were isolated
from the peripheral blood of screened, healthy donors, by
apheresis followed by density centrifugation to remove
red blood cells and neutrophils. CD14+ monocytes were
isolated using positive immunomagnetic selection
directed against the cell surface marker, CD14.Lipids in Health and Disease 2009, 8:15 http://www.lipidworld.com/content/8/1/15
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CD14+ monocytes were seeded in basal media (α-MEM
containing 10% FBS and 1% antibiotic-antimycotic solu-
tion) in 96-well plates at a density of 105 cells per well.
The following day, the medium was replaced with basal
media supplemented with 30 ng/ml each of M-CSF and
RANKL (differentiation media). On the third day the cells
were treated with varying concentrations (6.25, 12.5, 25,
50 and 100 μM) of 9,11 or 10,12 CLA or vehicle (0.1%
ethanol and 1 g/L of fatty acid-free BSA). The media were
replaced two times per week during the two weeks of treat-
ment.
CLA Sample Preparation
CLA was added to the medium by first dissolving it in eth-
anol, which was then added to FBS supplemented with 1
g/L of fatty acid-free bovine serum albumin (BSA) to pro-
duce a 10× stock of CLA. The CLA-FBS-BSA solutions were
stored at -20°C until needed. These solutions were diluted
in serum-free differentiation medium, containing no FBS,
prior to each experiment to produce 1× concentrations of
CLA and a final FBS concentration of 10%. The final con-
centration of ethanol and BSA in each well was 0.1% and
1 g/L, respectively.
Quantification of Osteoclast Formation
Osteoclasts were identified as TRAP+ cells containing 3 or
more nuclei. The wells were viewed field by field under a
phase-contrast microscope at 100× magnification, and the
total numbers of osteoclasts per well were quantified as
the sum of each field. For TRAP staining, the cells were
fixed with 2.5% gluteraldehyde for 5 minutes, washed two
times with PBS that was preheated to 37°C and treated
with TRAP stain for 20 minutes at 37°C. TRAP staining
was carried out using the protocol described in BD Bio-
sciences Technical Bulleting #445. The TRAP staining
solution consisted of 50 mM acetate buffer, 30 mM
sodium tartrate, 0.1 mg/ml Naphthol AS-MX phosphate,
0.1% Triton X-100, and 0.3 mg/ml Fast Red Violet LB.
After staining, the cells were washed twice with dH2O and
maintained in dH2O.
Determination of TRAP (Tartrate-Resistant Acid 
Phosphatase) Activity
TRAP activity was determined in cultured media using an
adapted Sigma protocol as described [43]. Briefly, media
were added to ELISA plates containing the phosphatase
substrate p-nitrophenyl phosphate (PNPP) and 40 mM
tartrate acid buffer and incubated at 37°C for 30 minutes.
The reaction was stopped with the addition of 2N NaOH,
and absorbance was measured at 405 nm. TRAP catalyzes
the conversion of PNPP to p-nitrophenol (PNP), which
has a maximal absorbance at 405 nm, and represents
TRAP activity in the sample. TRAP activity was calculated
from a standard curve obtained from PNP standards.
RNA Isolation and Real-Time, One-Step RT-PCR
After 3 days of treatment, the cells were washed twice with
PBS and lysed in 0.5 ml of nucleic acid purification solu-
tion (Applied Biosystems). Total RNA was isolated using
the 6100 Nucleic Acid PrepStation (Applied Biosystems).
A one-step reaction was performed in an ABI Prism® 7000
Sequence Detection System (Applied Biosystems) to
reverse transcribe the mRNA into cDNA, which was then
amplified using the QuantiTect Multiplex RT-PCR Kit
(Qiagen) and TaqMan® Gene Expression Assays (Applied
Biosystems). All reactions were performed in 96-well
plates with a final volume of 25 μl per well. Cycling con-
ditions were 20 minutes at 50°C followed by 15 minutes
at 95°C to activate the HotStar Taq DNA Polymerase, and
50 cycles of 45 seconds at 94°C, and 45 seconds at 60°C.
The TaqMan® Gene Expression Assays used for cathepsin
K, RANK, MMP-9 and TNFα were Hs01080388_m1,
Hs00187189_m1, Hs00957555_m1 and
Hs00174128_m1, respectively. The target genes were co-
amplified with VIC-labelled β-2-microglobulin (Applied
Biosystems, #4326319E) as an internal control. Data were
obtained as threshold cycle (CT) values, which represent
the cycle at which the first significant increase in fluores-
cence is detected, and corresponds to the amount of start-
ing template in the sample. The difference in CT values
(ΔCT) between the internal control (VIC-labeled β-2-
microglobulin) and target gene of interest (FAM-labelled)
was calculated to determine the relative change in CT val-
ues between samples. The average ΔCT of control samples
was subtracted from the ΔCT of treatment samples to
derive a ΔΔCTvalue, which represents the change in mRNA
expression between treatments relative to controls. Rela-
tive mRNA levels were calculated as 2-ΔΔCT and expressed
as fold change relative to control samples that produce a
2-ΔΔCT value of 1.
Statistical Analyses
Results are expressed as mean ± SEM with at least 3 repli-
cates in each group. Differences were analyzed using a
one-way ANOVA followed by Tukey's test for multiple
comparisons. P values < 0.05 were considered significant.
All data were analyzed using GraphPad Prism Software,
Version 4.0.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
IP helped conceive the study, participated in the design of
this study, carried out the experiments, performed statisti-
cal analyses and drafted the manuscript. AEL helped con-
ceive the study, obtained funding, participated in the
design and coordination of the study and helped draft the
manuscript. All authors read and approved the final man-
uscript.Lipids in Health and Disease 2009, 8:15 http://www.lipidworld.com/content/8/1/15
Page 8 of 9
(page number not for citation purposes)
Acknowledgements
This research was supported by the Dairy Farmers of Canada and the 
Advanced Foods and Materials Network. Ilana Platt is a recipient of a Nat-
ural Sciences and Engineering Research Council of Canada Postgraduate 
Scholarship. Ahmed El-Sohemy holds a Canada Research Chair in Nutrige-
nomics.
References
1. Park Y, Albright KJ, Liu W, Storkson JM, Cook ME, Pariza MW: Effect
of conjugated linoleic acid on body composition in mice.  Lip-
ids 1997, 32(8):853-858.
2. Cook ME, Jerome DL, Pariza M: Broilers fed conjugated linoleic
acid had enhanced bone ash.  Poult Sci 1997, 76:162.
3. Watkins BA, Li Y, Lippman HE, Feng S: Modulatory effect of
omega-3 polyunsaturated fatty acids on osteoblast function
and bone metabolism.  Prostaglandins Leukot Essent Fatty Acids
2003, 68:387-398.
4. Li Y, Seifert MF, Ney DM, Grahn M, Grant AL, Allen KGD, Watkins
BA: Dietary conjugated linoleic acids alter serum IGF-1 and
IGF binding protein concentrations and reduce bone forma-
tion in rats fed (n-6) or (n-3) fatty acids.  J Bone Miner Res 1999,
14:1153-1162.
5. Rahman MM, Bhattacharya A, Banu J, Fernandes G: Conjugated
linoleic acid protects against age-associated bone loss in
C57BL/6 female mice.  J Nutr Biochem 2007, 18(7):467-474.
6. Watkins BA, Shen CL, McMurty JP, Xu H, Bain SD, Allen KG, Seifert
MF: Dietary lipids modulate bone prostaglandin E2 produc-
tion, insulin-like growth factor-1 concentration and forma-
tion rate in chicks.  J Nutr 1997, 127:1084-1091.
7. Banu J, Bhattacharya A, Rahman M, O'Shea M, Fernandes G: Effects
of conjugated linoleic acid and exercise on bone mass in
young male Balb/C mice.  Lipids Health Dis 2006, 5:7.
8. Li Y, Watkins BA: Conjugated linoleic acids alter bone fatty
acid composition and reduce ex vivo prostaglandin E2 biosyn-
thesis in rats fed n-6 or n-3 fatty acids.  Lipids 1998, 33:417-425.
9. Kelly O, Cusack S, Jewell C, Cashman KD: The effect of polyunsat-
urated fatty acids, including conjugated linoleic acid, on cal-
cium absorption and bone metabolism and composition in
young growing rats.  Br J Nutr 2003, 90:743-750.
10. Brownbill RA, Petrosian M, Ilich JZ: Association between dietary
conjugated linoleic acid and bone mineral density in post-
menopausal women.  J Am Coll Nutr 2005, 24:177-181.
11. Kelly O, Cashman KD: The effect of conjugated linoleic acid on
calcium absorption and bone metabolism and composition
in adult ovariectomised rats.  Prostaglandins Leukot Essent Fatty
Acids   2004, 71:295-301.
12. Weiler H, Austin S, Fitzpatrick-Wong S, Nitschmann E, Bankovic-
Calic N, Mollard R, Aukema H, Ogborn M: Conjugated linoleic
acid reduces parathyroid hormone in health and in poly-
cystic kidney disease in rats.  Am J Clin Nutr 2004,
79:1186S-1189S.
13. Doyle L, Jewell C, Mullen A, Nugent AP, Roche HM, Cashman KD:
Effect of dietary supplementation with conjugated linoleic
acid on markers of calcium and bone metabolism in healthy
adult men.  Eur J Clin Nutr.  2005, 59(3):432-440.
14. Rahman MM, Bhattacharya A, Fernandes G: Conjugated linoleic
acid inhibits osteoclast differentiation of RAW264.7 cells by
modulating RANKL signaling.  J Lipid Res 2006, 47(8):1739-1748.
15. Platt I, Rao LG, El-Sohemy A: Isomer-specific effects of conju-
gated linoleic acid on mineralized bone nodule formation
from human osteoblast-like cells.  Exp Biol Med (Maywood) 2007,
232(2):246-252.
16. Cusack S, Jewell C, Cashman KD: The effect of conjugated lino-
leic acid on the viability and metabolism of human osteob-
last-like cells.  Prostaglandins Leukot Essent Fatty Acids 2005,
72:29-39.
17. Rodan GA, Martin TJ: Therapeutic approaches to bone dis-
eases.  Science 2000, 289(5484):1508-1514.
18. Burgess TL, Qian Y, Kaufman S, Ring BD, Van G, Capparelli C, Kelley
M, Hsu H, Boyle WJ, Dunstan CR, et al.: The ligand for osteopro-
tegerin (OPGL) directly activates mature osteoclasts.  J Cell
Biol 1999, 145(3):527-538.
19. Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan CR, Burgess T, Elliott
R, Colombero A, Elliott G, Scully S, et al.: Osteoprotegerin ligand
is a cytokine that regulates osteoclast differentiation and
activation.  Cell 1998, 93(2):165-176.
20. Vaananen HK, Zhao H, Mulari M, Halleen JM: The cell biology of
osteoclast function.  J Cell Sci 2000, 113(Pt 3):377-381.
21. Drake FH, Dodds RA, James IE, Connor JR, Debouck C, Richardson
S, Lee-Rykaczewski E, Coleman L, Rieman D, Barthlow R, et al.:
Cathepsin K, but not cathepsins B, L, or S, is abundantly
expressed in human osteoclasts.  J Biol Chem 1996,
271(21):12511-12516.
2 2 . T e z u k a  K ,  N e m o t o  K ,  T e z u k a  Y ,  S a t o  T ,  I k e d a  Y ,  K o b o r i  M ,
Kawashima H, Eguchi H, Hakeda Y, Kumegawa M: Identification of
matrix metalloproteinase 9 in rabbit osteoclasts.  J Biol Chem
1994, 269(21):15006-15009.
23. Halleen JM, Ylipahkala H, Alatalo SL, Janckila AJ, Heikkinen JE, Suom-
inen H, Cheng S, Vaananen HK: Serum tartrate-resistant acid
phosphatase 5b, but not 5a, correlates with other markers of
bone turnover and bone mineral density.  Calcif Tissue Int 2002,
71(1):20-25.
24. Stepan JJ, Pospichal J, Schreiber V, Kanka J, Mensik J, Presl J, Pacovsky
V: The application of plasma tartrate-resistant acid phos-
phatase to assess changes in bone resorption in response to
artificial menopause and its treatment with estrogen or
norethisterone.  Calcif Tissue Int 1989, 45(5):273-280.
25. Kirstein B, Chambers TJ, Fuller K: Secretion of tartrate-resistant
acid phosphatase by osteoclasts correlates with resorptive
behavior.  J Cell Biochem 2006, 98(5):1085-1094.
26. Anderson DM, Maraskovsky E, Billingsley WL, Dougall WC, Tomet-
sko ME, Roux ER, Teepe MC, DuBose RF, Cosman D, Galibert L: A
homologue of the TNF receptor and its ligand enhance T-
cell growth and dendritic-cell function.  Nature 1997,
390(6656):175-179.
27. Wong BR, Rho J, Arron J, Robinson E, Orlinick J, Chao M, Kalachikov
S, Cayani E, Bartlett FS 3rd, Frankel WN, et al.: TRANCE is a novel
ligand of the tumor necrosis factor receptor family that acti-
vates c-Jun N-terminal kinase in T cells.  J Biol Chem 1997,
272(40):25190-25194.
28. Aeschlimann D, Evans BA: The vital osteoclast: how is it regu-
lated?  Cell Death Differ 2004, 11(Suppl 1):S5-7.
29. Zou W, Hakim I, Tschoep K, Endres S, Bar-Shavit Z: Tumor necro-
sis factor-alpha mediates RANK ligand stimulation of osteo-
clast differentiation by an autocrine mechanism.  J Cell Biochem
2001, 83(1):70-83.
30. Thomson BM, Mundy GR, Chambers TJ: Tumor necrosis factors
alpha and beta induce osteoblastic cells to stimulate osteo-
clastic bone resorption.  J Immunol 1987, 138(3):775-779.
31. Konig A, Muhlbauer RC, Fleisch H: Tumor necrosis factor alpha
and interleukin-1 stimulate bone resorption in vivo as meas-
ured by urinary [3H] tetracycline excretion from prelabeled
mice.  J Bone Miner Res 1988, 3(6):621-627.
32. Mullen A, Moloney F, Nugent AP, Doyle L, Cashman KD, Roche HM:
Conjugated linoleic acid supplementation reduces periph-
eral blood mononuclear cell interleukin-2 production in
healthy middle-aged males.  J Nutr Biochem 2007,
18(10):658-666.
33. Yu Y, Correll PH, Heuvel JP Vanden: Conjugated linoleic acid
decreases production of pro-inflammatory products in mac-
rophages: evidence for a PPAR gamma-dependent mecha-
nism.  Biochim Biophys Acta 2002, 1581(3):89-99.
34. Ohashi A, Matsushita Y, Kimura K, Miyashita K, Saito M: Conjugated
linoleic acid deteriorates insulin resistance in obese/diabetic
mice in association with decreased production of adiponec-
tin and leptin.  J Nutr Sci Vitaminol (Tokyo) 2004, 50(6):416-421.
35. Kelley DS, Simon VA, Taylor PC, Rudolph IL, Benito P, Nelson GJ,
Mackey BE, Erickson KL: Dietary supplementation with conju-
gated linoleic acid increased its concentration in human
peripheral blood mononuclear cells, but did not alter their
function.  Lipids 2001, 36(7):669-674.
36. Ringseis R, Gahler S, Herter C, Eder K: Conjugated linoleic acids
exert similar actions on prostanoid release from aortic and
coronary artery smooth muscle cells.  Int J Vitam Nutr Res 2006,
76(5):281-289.
37. Graves E, Hitt A, Pariza MW, Cook ME, McCarthy DO: Conjugated
linoleic acid preserves gastrocnemius muscle mass in mice
bearing the colon-26 adenocarcinoma.  Res Nurs Health 2005,
28(1):48-55.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Lipids in Health and Disease 2009, 8:15 http://www.lipidworld.com/content/8/1/15
Page 9 of 9
(page number not for citation purposes)
38. Roodman GD: Advances in bone biology: the osteoclast.
Endocr Rev 1996, 17(4):308-332.
39. Gaullier JM, Halse J, Hoivik HO, Hoye K, Syvertsen C, Nurminiemi M,
Hassfeld C, Einerhand A, O'Shea M, Gudmundsen O: Six months
supplementation with conjugated linoleic acid induces
regional-specific fat mass decreases in overweight and
obese.  Br J Nutr 2007, 97(3):550-560.
40. Kreider RB, Ferreira MP, Greenwood M, Wilson M, Almada AL:
Effects of conjugated linoleic acid supplementation during
resistance training on body composition, bone density,
strength, and selected hematological markers.  J Strength Cond
Res 2002, 16:325-334.
41. Gaullier JM, Halse J, Hoye K, Kristiansen K, Fagertun H, Vik H, Gud-
mundsen O: Supplementation with conjugated linoleic acid
for 24 months is well tolerated by and reduces body fat mass
in healthy, overweight humans.  J Nutr 2005, 135(4):778-784.
42. Gaullier JM, Halse J, Hoye K, Kristiansen K, Fagertun H, Vik H, Gud-
mundsen O: Conjugated linoleic acid supplementation for 1 y
reduces body fat mass in healthy overweight humans.  Am J
Clin Nutr 2004, 79(6):1118-1125.
43. Voronov I, Heersche JN, Casper RF, Tenenbaum HC, Manolson MF:
Inhibition of osteoclast differentiation by polycyclic aryl
hydrocarbons is dependent on cell density and RANKL con-
centration.  Biochem Pharmacol 2005, 70(2):300-307.